The risks associated to uranium mining and milling wastes require the radiological surveillance of the areas with these residues and the assessment of the radiation risk to the populations living in the region. This radiological surveillance is based on an environmental monitoring programme implemented by ITN. Annually, soils, water, and plants including horticulture products from the uranium mine areas are sampled and analyzed for radioactivity. As part of this programme, analyses of soils, irrigation waters, agriculture products (lettuce), green pasture, and cheese were performed in samples collected in the area of the old Urgeiriça uranium mine and milling facilities near Viseu, Centre-North of Portugal, in order to assess the transfer of uranium series radionuclides to man. In the Urgeiriça area, some soils and vegetables display radionuclide concentrations higher than in reference areas 226 Ra was the radionuclide more concentrated by vegetables. Through ingestion of these products 226 Ra may be the main contributor to the increment of radiation dose received by local population. The solutions implemented for environmental remediation of tailings piles and mining waste dumps in Urgeiriça and in other old uranium mine sites, with time are expected to render safe these areas and to allow the release of old mining concession areas for other uses by the public without radiation risks.
I TRODUCTIO
During most of last century Portugal exploited radioactive ores and for some time ranked as a main uranium producer. Mining for radioactive ores started in 1908 and this activity went on without interruption for almost one century. In the beginning, this activity was directed towards the production of radium and later on to the production of uranium. These mining and milling activities originated about 13 million tonnes of solid waste containing radioactivity and dumped at several sites in the centre-North of the country. Uranium production in Portugal ceased in 2001 with closure of the uranium milling facilities at the Urgeiriça mine, near Viseu. This was followed by the approval of an environmental remediation plan for the old and abandoned mine sites, encompassing both radioactive and non-radioactive mines (Decree Law 198-A/2001). The remediation work was entrusted to EDM (mine holding company) and has progressed since than.
The legacy of historic uranium mining and milling sites in Portugal, often located near villages and in agriculture areas of the Centre-North of the country, raised concerns with the potential enhancement of radioactivity in agriculture products and with the radiation exposure of populations through food chain transfer of uranium series radionuclides.
Extraction of radioactive ores in the Urgeiriça mine started in 1913 and lasted until 1992. Near this mine, located in the County of Canas de Senhorim, Viseu, Centre-North of Portugal, the uranium ore extracted from the Urgeiriça mine and from other mines in the region was chemically processed. Milling tailings (residues of acid extracted ores) were dumped nearby and, by the closure of Urgeiriça facilities in the year 2001, tailings piles amounted to about 3 million tons of sandy materials. To these tailings materials were added during the last two decades several tons of sludge containing the precipitate of barium chloride and radionuclides resulting from neutralization of acid mine waters. [1] Near the Urgeiriça mine, with the main shaft at Santa Barbara, there is the shaft of another abandoned underground uranium mine, Valinhos (Figure 1 ).
Radioactivity of the uranium mining and milling wastes disposed off at Canas de Senhorim were measured and these materials are known to contain high concentrations of radionuclides of the uranium radioactive decay series. [2] Surface runoff from these tailings materials transport dissolved and particulate radionuclides into the Pantanha stream, a small river draining into the Mondego River. [3] Reports of previous studies carried out in this area concluded that there was an enhancement of radioactivity in surface waters and water from wells in the vicinity of the milling tailings. [4] [5] In the year 2006, environmental remediation work was started by the mine holding company in the Urgeiriça area. Engineering works were undertaken to cap the main milling tailings of Barragem Velha. These works are now completed and are expected to control erosion and surface runoff from tailings piles, and to facilitate the treatment of contaminated drainage. In order to follow up and assess the effect of engineering works on radioactivity levels in the region, an environmental survey was carried out in the Urgeiriça area during the summer of 2007.
Results of analyses of uranium series radionuclides in surface waters, water from wells, soils and agriculture products from the county of Canas de Senhorim are presented herein. Implications of these preliminary results for environmental radioactivity in this region are discussed.
MATERIALS A D METHODS

Sampling
Soil, water and agriculture product samples were collected in May and July 2007 in the county of Canas de Senhorim, district of Viseu, North of Portugal. Location of sampling stations and other features of the region are identified in Figure 1 .
Soil samples of the 20 cm upper layer were collected in horticulture plots pooling in one sample equal soil portions taken at four points in a 3x3m square in order to ensure more representative samples. In the laboratory, soils were dry at 60ºC in the oven and sieved trough a metal screen. Soil fraction of grain size <63 µm was retained for analysis in order to allow comparison of analytical results amongst soil samples.
Water samples were collected in rivers and wells directly into polyethylene drums and filtered on site. Filtration was performed through membrane acetate filters, with 0.45 µm pore size and 142 mm in diameter, in stainless steel filter holders and using pressure (<1.5 bar). Filtered water was acidified with HNO 3 to pH below 2, and filters with suspended matter were stored for analysis in the laboratory. Physical chemical parameters of water were measured in situ with a portable multiparameter probe Horiba U-22.
Vegetables (lettuce) were collected from the kitchen gardens and lettuce leaves only, after thorough washes with tap water and distilled water, were freeze dried, reduced to powder, homogenized and used for radionuclide analysis. A sample of green pasture from the watershed of the stream Ribeira da Pantanha, downstream the tailings piles, and locally produced cheese were collected and freeze dried for radionuclide analyses as well.
Radionuclide Analysis
Soil, water and suspended matter and biological samples were analyzed by radiochemical methods and alpha spectrometry according to methods described in detail elsewhere. [4] [6] In brief, known amounts of isotopic tracers ( 232 U, 229 Th, 209 Po, 224 Ra, and stable Pb 2+ ) were added to the samples in the beginning of the chemical processing. In the case of water samples, radionuclides were co precipitated with MnO 2 and the re dissolved precipitate was passed through ion exchange columns in order to separate radionuclide fractions. These were brought to electrodeposition and discs with radionuclides were measured for alpha radiation. Samples of suspended matter and foods were spiked with the isotopic tracers and completely dissolved with acids before chemical extraction of radioelements by ion exchange column chromatography. Solutions of purified radioelements were then transferred to electroplating cells and radionuclides plated onto stainless steel or silver discs. Radionuclides were measured with 450 mm 2 , silicon surface low background detectors, connected to a multichannel analyser OctetePlus® (Ortec EG&G). These methods have been thoroughly tested and accuracy and precision checked in international intercomparison exercises organized by the IAEA. [7] RESULTS A D DISCUSSIO Concentrations of radionuclides in agriculture soils from the county of Canas de Senhorim, area of the Urgeiriça mine, and soils from the counties of Seia and Celorico da Beira, located about 30 -40 km NE Energy and Environment Engineering and Management of Canas de Senhorim, are shown in Table 1 . Soils from Seia and Celorico da Beira counties are from the same geological province but these sampling locations were not close to any old uranium mine, while soils from Canas de Senhorim were sampled in horticulture plots near the Urgeiriça uranium mine facilities, at stations U9 and U10. Materials from the tailings piles Barragem Velha and Barragem Nova (Figure 1 ) are included in the Table for comparison. Materials dumped in Barragem Velha are milling tailings (extracted ore residues) and materials dumped in Barragem Nova are the sludge from acid mine water treatment, i.e., precipitates of barium chloride and mud obtained with the addition of hydroxide to rise pH and neutralize the acid. Radionuclide composition of materials dumped into these two tailings piles is different, but both contain high concentrations of uranium series radionuclides and, if dispersed, these residues may elevate concentrations of radionuclides in the environment.
Radionuclide concentrations in soils, U9 and U10, from two kitchen gardens in the vicinity of tailings were slightly higher than in other soils of the region away of uranium mining areas. Those radionuclide concentrations in U9 and U10 soils were likely elevated by mixing with materials originated in the tailings. Particularly one of them, U9, displays a strong increase in 230 Th, 226 Ra and 210 Pb without significant increase of uranium concentrations which is the typical radionuclide disequilibrium found in milling tailings. [2] The stream Ribeira da Pantanha flowing by the Urgeiriça mining facilities is the main drainage basin collecting surface runoff, leaching from tailings, and mine water discharges. The water treatment station (WTS) located near the Barragem Nova, after neutralization of acid waters and decantation of precipitate in polyethylene coated ponds, discharges the overlaying water into the Ribeira da Pantanha and pumps the sludge as slurry into the Barragem Nova dump. Results of radionuclide analyses in water samples from Ribeira da Pantanha and Mondego River are shown in Table 2 Radionuclide concentrations in the water of Ribeira da Pantanha were measured also in 26 July 2007 (U12) several days after heavy rains that partially destroyed the cap laid down on tailings piles and enhanced surface runoff and transport of materials from Barragem Velha into the Mondego River. Radionuclide dissolved concentrations measured at U12 in July were higher in comparison with measurements made in May, at station U5, although the reverse was observed in particulate matter which showed lower specific activity due to materials used in the capping (Table 2 and Table 3 ).
Radionuclide concentrations in the soluble phase of water from the superficial aquifer in the area of Canas de Senhorim are shown in Table 2 also. This water is extracted through wells, used for irrigation of kitchen gardens and occasionally as a drinking water supply. U1 is a reference well in the village of Aguieira, 5 km NW of Canas de Senhorim, in an area not impacted by uranium mining activities. Other wells sampled in the region (U9, U10, U11) were located much closer to the Urgeiriça mine than U1. Nevertheless, radionuclide concentrations in their waters were not much different in comparison with U1 (reference well).
Radionuclide concentrations in the particulate phase of water from rivers and water from wells are shown in Table 4 . It may be noticed that radionuclide concentrations in the soluble phase account for 35-86% of total uranium, 20-91% of total 226 Ra, 6-64% of total 210 Po and 0.3-69% of 232 Th. Variation largely depends on the sampling station and particle-water partitioning of radionuclides is modified by the mine water treatment plant.
Results of the analysis of some agriculture products of the Urgeiriça mine area are shown in Table 4 . The most abundant vegetable on the periods of sampling was the lettuce. Concentrations of radionuclides in lettuces from various kitchen gardens can be compared with the lettuce sample from the reference station U1. Lettuce was sampled at U1 station in May and July and an increase in radionuclide concentrations was observed in July, in older vegetables. The same increase of concentrations in older vegetables was observed in other stations ( Table 4 ). The highest uranium concentrations were measured in lettuce grown at station U12, irrigated with water from Ribeira da Pantanha containing enhanced radionuclide concentrations (Table  2) . Lettuce from other stations irrigated with water from wells contained less uranium than U12.
Amongst radionuclides analyzed in lettuce uranium series ( 238 U) radionuclides are present in higher activity than thorium ( 232 Th) series radionuclides, as found in soils and waters. Furthermore, in the uranium series, 226 Ra is the radionuclide consistently present in higher concentrations in the lettuce. Concentration of 226 Ra to levels comparatively higher than other radionuclides was noticed before in potatoes. [8] Green pasture grown in the watershed of Pantanha stream is used as a grazing field by lambs. Results of the analysis of a large pasture sample indicate that radionuclide concentrations in the pasture were similar to those determined in lettuce (Table 5) . Cheese locally produced with milk from those sheep, displays concentrations that are roughly one order of magnitude lower than in the pasture. Furthermore, these results suggest that food chain transfer from pasture to sheep, and through milk production to the cheese, might not pose a hazard from the radioecological point of view. Advanced Materials Research Vol. 107 
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Results from this radioactivity survey in the geographic area of the old uranium mine and milling facilities of Urgeiriça confirmed elevated radionuclide concentrations in the mining and milling wastes and indicated dispersal of uranium series radionuclides in the nearby environment. [9] [10] [11] Some areas are more impacted than others. For example, near Urgeiriça/Canas de Senhorim the stream Pantanha still receives discharges of acid effluents from the mine and leaching from the waste piles containing enhanced radionuclide concentrations. These relatively high concentrations were traced downstream to the Mondego River. Fortunately, at current radionuclide levels in the discharges, radionuclide concentrations are rapidly diluted in this river and decrease to background levels in the artificial lake of Aguieira, a main water reservoir in this region.
In Canas de Senhorim, analysis of water from wells showed radionuclide concentrations similar to those measured in water from a reference well a few km apart. However, it is a common feature of ground waters to display higher uranium series radionuclide concentrations in comparison with surface waters. Nevertheless, naturally-occurring environmental radioactivity in water was enhanced in several wells in areas near former uranium mines and waste heaps.
Vegetables produced in kitchen gardens in Canas de Senhorim, including locations close to the milling tailings of Barragem Velha, did not show extreme enhancement of radioactivity. The highest concentrations were measured in lettuces irrigated with water from Ribeira da Pantanha. In general, 226 Ra is the radionuclide more concentrated by vegetables and through ingestion it may be the main contributor to the dose to local population. This aspect shall be investigated further and an effective dose assessment is advised.
